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(54) Antl-fogglng sheet and container using same 

(57) An anti-fogging sheet having a transparent 
substrate, and an antifogging layer provided on one side 
of the transparent substrate, wherein the antifogging 
layer contains a lauric acid ester of sucrose having an 
HLB value of 14-16 and a water-soluble polymer, and 
wherein the weight ratio of the lauric acid ester of 
sucrose to the water-soluble polymer is 50:50 to 80:20. 
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Description 

[0001] This invention relates to an anti-fogging 
sheet useful for forming transparent containers for con- 
taining food. The present invention is also directed to a s 
container produced from the anti-fogging sheet. 
[0002] Transparent food containers have been hith- 
erto prepared by subjecting a thermoplastic sheet such 
as a biaxially oriented polystyrene sheet, an amorphous 
polyethylene terephthalate sheet or a polypropylene 10 
sheet to thermoforming. One problem of known trans- 
parent containers is that their surfaces are apt to be 
fogged due to condensation of moisture when chilled. 
Thus, a number of anti-fogging agents have been pro- 
posed. 15 
[0003] JP-A-S53-14771 proposes applying a coat- 
ing of polyvinyl alcohol over a surface of a synthetic 
resin sheet. The polyvinyl alcohol layer is, however, eas- 
ily cracked when a container produced therefrom is 
deformed. Moreover, the anti-fogging property is not 20 
sufficient to prevent fogging of the container displayed in 
a cold show box. 

[0004] US-A-5,81 4,684 discloses a coating compo- 
sition for forming an anti-fogging layer containing a fatty 
aci d ester ofj ucrose. a hydrophilic film-forming polymer 25 
and a polyvaienTalcohol such as sorbitol. The propor- 
tion of the sucrose aliphatic ester to the hydrophilic pol- 
ymer is recommended to be from 20:100 to 80:100 
because a proportion of the sucrose aliphatic ester 
below 20:100 is insufficient to obtain satisfactory anti- 30 
fogging property, whereas too high a proportion in 
excess 80:100 causes stickiness of the coated layer 
and fails to fit for practical use. The polyvalent alcohol is 
incorporated in the anti-fogging coating composition to 
prevent hardening, static charging and blocking of the 3S 
coated Jayer. The ant-blocking property of the coated 
layer, however, has been found to be unsatisfactory 
because of the moisture absorbing property of the poly- 
valent alcohol. Further, the use of the polyvalent alcohol 
has been found to adversely affect compatibility 40 
between the coating composition and a surface to be 
coated. 

[0005] JP- A-S53- 1 1 5781 discloses a thermoplastic 
film having a surface coated with a mixture of an anti- 
fogging agent and a silicone oil. Because of poor com- 45 
patibility of the silicone oil with the anti-fogging agent, 
however, it is difficult to obtain a uniform, transparent 
anti-fogging layer. 

[0006] The present invention has been made in 
view of the above problems of the conventional anti-fog- so 
ging sheet. 

[0007] In accordance with one aspect of the present 
invention there is provided an anti-fogging sheet com- 
prising a transparent substrate, and an antifogging layer 
provided on one side of said transparent substrate and & 
containing a Jaur ic acid e ster of sucrose ha ving an HLB I 
value of 14-16and a water-soluble polymer, the weight l 
ratio of said lauric acid ester of sucrose to said water- 



soluble polymer being 50:50 to 80:20. 
[0008] The present invention also provides a con- 
tainer of a food, comprising a portion made of the above 
anti-fogging sheet, said antifogging layer providing an 
inside surface of said container. 
[0009] The anti-fogging sheet according to the 
present invention has excellent, stable, durable anti-fog- 
ging properties and is suitable for producing transparent 
food containers. The anti-fogging sheet also has high 
transparency and good anti-blocking properties and can 
withstand deep forming. 

[0010] The present invention will be described in 
detail below with reference to the accompanying draw- 
ings, in which Fig. 1 is a sectional view schematically 
illustrating an embodiment of an anti-fogging sheet 
according to the present invention. 
[0011] Referring to Fig. 1, designated generally as 
1 is an anti-fogging sheet according to one embodiment 
of the present invention. The sheet 1 has a transparent 
substrate 2 and an anti-fogging layer 3 provided on one 
surface of the substrate 2. 

[0012] The anti-fogging layer 3 contains a lauric 
acid ester of sucrose having an HLB value of 14-16 
(hereinafter referred to simply as "the ester") and a 
water-soluble polymer. The weight ratio of the ester to 
the water-soluble polymer should be 50:50 to 80:20, 
preferably 60:40 to 70:30. 

[0013] When the weight ratio is lower than 50:50, 
namely when the amount of the ester is less than 50 % 
by weight, the anti-fogging property of the layer 3 is sig- 
nificantly reduced and, further, the anti-fogging layer 3 is 
apt to be cracked. When the weight ratio is greater than 
80:20, namely when the amount of the ester exceeds 80 
% by weight, the adhesion strength between the anti- 
fogging layer 3 and the substrate 2 is reduced so that, 
when the sheet 1 is wounded into a roll, the anti-fogging 
layer 3 tends to be separated from the sifcstrate-2-and 
transferred onto the reverse side thereof. Moreover, too 
large an amount of the ester is undesirable because the 
anti-fogging property tends to be reduced with time, 
because the anti-fogging effect is insufficient at a low 
temperature and because the anti-fogging property is 
highly influenced by a silicone layer 4 which is optionally 
provided on the other side of the substrate 2 as 
described hereinafter. 

[0014] When the weight ratio is within the above- 
specified range, the anti-fogging layer 3 exhibits high, 
stable anti-fogging property. Moreover, even when the 
silicone layer 4 is provided for improving anti-blocking 
property of the sheet 1 and even when there are coating 
defects in the silicone layer 4 such as unevenness and 
insufficient dryness, the anti-fogging property of the 
anti-fogging layer 3 according to the present invention is 
not adversely affected. 

[0015] Any known lauric acid ester of sucrose may 
be used for the purpose of the present invention, as 
Jong as the HLB thereof is within the range of 14-16. 
The HLB of the ester can be controlled by the amount of 
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lauric acid bonded to the sucrose. 
[0016] Any water-soluble polymer may be used in 
the anti-fogging layer 3. Illustrative of suitable water-sol- 
uble polymers are polyamino acid, polyvinyl pyrroiidone, 
polyvinyl alcohol and polyethylene glycol. It is preferred 
that the polyvinyl pyrroiidone have an average polymer- 
ization degree of 50-600 for reasons of suitable viscos- 
ity of coating liquid for the formation of the anti-fogging 
layer 3, desirable mechanical strengths of the layer 3 
and excellent anti-fogging effect of the layer 3. For the 
similar reasons, the polyvinyl alcohol preferably has a 
saponification degree of at least 80 % and an average 
polymerization degree of 100-1,000, and the polyethyl- 
ene glycol preferably has a molecular weight of 3,000- 
20,000 and a polymerization degree of 70-450. 
[0017] The use of a water soluble cellulose such as 
carboxymethyl cellulose and hydroxyethyl cellulose is 
less suitable because such a modified cellulose gener- 
ally contains insoluble matters which, even in a trace 
amount, adversely affects the anti-fogging property. 
[0018] The anti-fogging layer 3 generally has a 
thickness of 0.01-0.2 urn, preferably 0.02-0.1 urn. 
[001 9] The transparent substrate 2 may be made of 
a polymer such as a polyethylene resin (e.g. ethylene 
homopolymer or copolymer), a polypropylene resin (e.g. 
propylene homopolymer or copolymer), a polystyrene 
resin (styrene homopolymer or copolymer), amorphous 
polyethylene terephthalate, polylactic acid and mixtures 
thereof. Uniaxially or biaxially oriented sheet may be 
also used as the substrate 2. The substrate 2 generally 
has a thicknessoM^-1,000 urn. 
[00?0}--^For reasons of improving the wettability or 
compatibility of a coating liquid for the anti-fogging layer 
3, it is preferred that the substrate 2 comprise, as shown 
in Fig. 1, a first polyolefin resin layer 2a, and a second 
polyolefin resin layer 2b laminated or coextruded ther- 
eon and containing an anti-fogging agent and/or an anti- 
static agent. The second layer 2b has a thickness 
smaller than that of the first layer 2a. The thickness of 
the first layer 2a is generally 150 = 60Q_4jrn, preferably 
200-500 |xm, whereas the thickness of the second layer 
2b is generally 10-300 urn, preferably 20-250 jim, with a 
thickness ratio of the first layer 2a to the second layer 2b 
being generally 2:1 to 10:1, preferably 3:1 to 5:1. 
[0021 ] The first polyolefin layer 2a may be made of, 
for example, low density polyethylene, high density pol- 
yethylene, homopolypropylene, a propylene-ethylene 
block copolymer, a propylene-ethylene random copoly- 
mer, polybutylene, polymethylpentene or a mixture of 
two or more of the above polymers. For reasons of high 
transparency, the use of a polypropylene resin (e.g. 
homopolypropylene or a propylene random copolymer) 
is preferred. A sorbitol compound may be incorporated 
into the polypropylene resin layer as a transparent 
nucleus agent. A low density polyethylene or an ethyl- 
ene elastomer including so called LLDPE and Metal- 
locene PE may also be incorporated in the 
polypropylene resin layer for improving the mechanical 



strengths thereof such as impact resistance in an 
amount of up to 20 % by weight. The polypropylene 
resin desirably has a melt flow rate (MFR) of 0.5-5.0 
g/10 minutes, more preferably 1.0-3.0 g/10 minutes for 
5 reasons of good moldability during thermoforming into 
for example a container. 

[0022] The second polyolefin layer 2b may be a pol- 
ymer similar to that of the first polyolefin layer 2a. The 
layer 2b may be non-stretched, uniaxially stretched or 
w bi-axially stretched. Non-stretched polypropylene resin 
is preferably used. 

[0023] The second polyolefin layer 2b contains an 
anti-fogging agent and/or an antistatic agent. Illustrative 
of suitable anti-fogging and/or antistatic agents are (a) a 
15 tertiary amide of a higher fatty acid, (b) a higher fatty 
acid ester of sorbitan, (c) a higher fatty acid ester of 
glycerol, (d) a higher fatty acid ester of polyglycerol and 
(e) mixtures thereof. 

[0024] The higher fatty acid constituting the above 
20 compounds (a)-(d) may be a compound having 8-22 
carbon atoms, preferably 12-18 carbon atoms. The pol- 
yglycerol generally has an average polymerization 
degree of at least 1, preferably 1.5-10, more preferably 
2-6. The average number of the higher fatty acid groups 
25 in the compounds (b)-(d) is generally 1-1.5, preferably 
1. 

[0025] The anti-fogging agent and/or antistatic 
agent may be incorporated into the second layer 2b in 
an amount of 0.05-1 % by weight, preferably 0.1-0.5 % 

30 by weight. Too small an amount of the agent below 0.05 
% by weight is insufficient to impart to the second layer 
2b desired wettability or compatibility with a coating liq- 
uid for the anti-fogging layer 3. Thus, with such a small 
amount, a uniform thickness of the anti-fogging layer 3 

35 is not obtainable and, hence, desirable anti-fogging 
effect cannot be obtained, When the amount of the 
agent exceeds 1 % by weight, on the other hand, the 
second layer 2b tends to be whitened and to loose its 
transparency. 

40 [0026] The tertiary amide of a higher fatty acid is 
preferably a compound of the formula: 

R 2 

45 R*CON <^ 

so wherein R 1 CO is an acyl group derived from the higher 
fatty acid and R 2 and R 3 each represent an aliphatic 
group and may form a cyclic aliphatic group together. 
[0027] The group R 1 is preferably an alkyl or alkenyl 
group which has 7-21, preferably 11-17 carbon atoms 

55 and which may have a substituent such as a hydroxyl 
group or an alkoxyl groip. The groups R 2 and R 3 are 
each preferably an alkyl or alkenyl group which has 2- 
22, preferably 2-1 8 carbon atoms and which may have a 
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substrtuent such as a hydroxyl group or an alkoxyt i 
group. The group R 2 is preferably a 2-hydroxyethyi 
group (CH(OH)CH 2 -). 

[0028] Illustrative of suitable tertiary amides of a 
higher fatty acid are diethanollaurylamide, diethanol- s 
stearylamide, N-dodecyl-N-hydroxythyloctadecana- 
mide, N-(2-hydroxydodocyl)-N- 
hydroxyethyloctadecanamide, N-hydroxyethyl-N-octa- 
decyloctadecanamide and N-hydroxyethyl-N-(2-hydrax- 
yoctadecyl)octadecanamide. 10 
[0029] The higher fatty acid ester of sorbitan is an 
ester of sorbitan with a higher fatty acid. The sorbitan is 
an intra-molecular dehydration product of sorbitol and 
may be, for example, 1.4-sorbitan. 1,5-sorbitan or a 
sorbide. The sorbitan ester preferably contains 50-100 is 
% by weight, preferably 80-100 % by weight of a mono 
ester of a higher fatty acid with sorbitan. A diester may 
be present up to 50 % by weight. 
[0030] Illustrative of suitable higher fatty acid ester 
of sorbitan are sorbitan monolaurate, sorbitan mon- 20 
opalmitate, sorbitan monostearate and sorbitan 
monooleate. 

[0031 ] The higher fatty acid ester of glycerol or pol- 
yglycerol ("glycerol or polyglycerol" will be hereinafter 
referred to as (poly)glycerol) is an ester of (poly) glyc- 25 
erol with a higher fatty acid. The (poly)glycerol ester 
preferably contains 50-100 % by weight, preferably 80- 
100 % by weight of a mono ester of a higher fatty acid. 
A diester may be present up to 50 % by weight. 
[0032] Illustrative of suitable higher fatty acid esters 30 
of (poly)glycerol are (poly)glycerol monostearate, 
(poly)glycerol monoplamitate, (poly)glycerol monolau- 
rate and (poly)glycerol monooleate. 
[0033] The above-described anti-fogging agent I 
and/or antistatic agent is kneaded with a polyolef in resin l 35 
and extruded to form the second layer 2b. / 
[0034] The second layer 2b may additionally con- 
tain a surfactant other than the anti-fogging agent 
and/or antistatic agent, such as a salt of an alkanesul- 
fonic acid having 8-18 carbon atoms or a salt of an alky- 40 
larylsulfonic acid having 8-18 carbon atoms. 
[0035] It is desirable that the segondiayer 2b be 
subjected to a corona discharge treatment prior to the 
formation of the anti-fogging layer 3 thereon, for reasons 
of obtaining an improved wettability of the surface and as 
of expediting the breeding of the anti-fogging agent 
and/or antistatic agent out of the second layer 2b. The 
corona discharge treatment is generally performed so 
that the second layer 2b without being incorporated with 
the anti-fogging agent and/or an antistatic agent would so 
have a wetting index (in accordance with the Japanese 
Industrial standard J IS K6768) of 46-54 dyne for rea- 
sons of attaining optimum anti-fogging effect and of pre- 
vention of whitening of the second layer 2b. 
[0036] The anti-fogging sheet 1 according to the 55 
present invention may be produced as follows. 
[0037] The substrate 2 in the form of a laminate 
having the first and second layers 2a and 2b may be 



prepared by coextrusion, heat press bonding or using 
an adheswet-AAfh^rV coextrusion is performed using an 
existing device, there is a possibility that a three-layered 
laminate having two outer second layers 2b, 2b between 
which the center first layer 2a is interposed is produced. 
Such a three-layered laminate may be used for the pur- 
pose of the present invention. That surface of the sub- 
str^te.2-to-which-the-antWogging laye r 3 is to be fo rmed 
may be subjected to a corona3ischarge treatment, if 

desired. — ^- — ^ " 

[0038] A coating liquid containing the ester and the 
water-soluble polymer is prepared by dissolving the 
ingredients in water,, A small amount of an organic sol- 
vent such as ar faicoho l, ketone or ester may be incor- 
porated into the coatrng liquid to adjust the viscosity of 
the liquid, to prevent foaming of the liquid, to improve 
wettability or compatibility of the liquid with the substrate 
and/or to expedite drying of the liquid. 
[0039] The coating liquid is then applied to the sub- 
strate 2 by any suitable coating method such as a rotor 
dampening coating method, a kiss-roll air-knife coating 
method, a reverse roll coating method or a gravure roll 
coating method. A smoothening roll may be used to 
smoothen the coated liquid, if desired. The coating liq- 
uid generally has a concentration of the dissolved solid 
matters in the range of 2-30 % by weight. The concen- 
tration varies depending upon the coating method 
adopted. For example, in the case of a kiss-roll air knife 
coating method or in the case of using a smoothening 
roll, the concentration is generally 2-10 % by weight. In 
the case of a reverse roll method or a gravure roll 
method, the concentration is generally 10-30 % by 
weight. 

[0040] The coating is preferably performed such 
that the coated layer has a solid matter content of 30- 
100 mg/m 2 ; i.e. the anti-fogging layer 3 has a basis 
weight of 30-100 mg/m 2 , for reasons of optimum anti- 
fogging effect and drying efficiency. The coating thus 
applied is then dried with any suitable means such as 
an infrared heater, an electric oven or hot air. 
[0041] As described previously, it is preferred that 
the rear side of the transparent substrate 2 be provided 
with a silicone layer 4 for reasons of improving anti- 
blocking property. Since the anti-fogging layer 3 is tightly 
bonded to the substrate 2, delamination of the anti-fog- 
ging layer 3 from the substrate does not occur upon 
contact with the silicone layer 4 (when the sheet 1 is 
stacked one over the other or wound into a roll), even 
when the silicone layer 4 has coating defects such as 
unevenness and openings. 

[0042] The silicone layer 4 may be formed by apply- 
ing a silicone emulsion onto the rear side of the sub- 
strate 2 by any suitable coating method. Illustrative of 
suitable silicone emulsions are an aqueous dimethylsi- 
loxane emulsion and an aqueous silicone copolymer 
emulsion (e.g. polyoxyethylenemethylpolysiloxane or 
polyoxypropylenemethylpolysiloxane). The aqueous 
emulsion may contain a surfactant such as an anionic, 
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cationic or nonionic surfactant. The silicone layer 4 gen- 
erally has a thickness of 0.01-0.15 urn, preferably 0.02- 
0.1 fim. 

[0043] The anti-fogging sheet according to the 
present invention is suitably used for the fabrication of s 
containers, such as trays, for foods with the antifogging 
layer providing an inside surface of the container. Thus, 
the anti-fogging sheet is subjected to thermoforming to 
produce container bodies and/or their lids. The thermo- 
forming may be carried out by any suitable known mold- 
ing method such as vacuum molding, pressure forming 
or compression molding. Even when the anti-fogging 
sheet of the present invention is subjected to deep form- 
ing, the container obtained shows good anti-fogging 
effect. 

[0044] The following examples will further illustrate 
the present invention. 

Example 1 

[0045] Polyethylene terephthalate was extruded to 
form a sheet (substrate) having a thickness of about 380 
, jim. One of the both sides of the sheet was subjected to 
' a corona discharge treatment so that the treated sur- 
face had a wet index of 54 dyne. An aqueous solution 
containing 3 % by weight of an aqueous solution of lau- 
ric acid ester of sucrose (LWA1570 manufactured by 
Mitsubishi Chemical Company; solid content: 40 % by 
weight; HLB: 15) and 0.75 % by weight of polyvinyl pyr- 
rolidone (PVPK30 manufactured by ISP Inc.; polymeri- 
zation degree: about 430) was applied to the treated 
surface of the sheet in an amount of 2.00 cc/m 2 . The 
resulting coat was smoothened and dried in an oven to 
form an anti-fogging layer on the sheet. The anti-fogging 
layer had a basis weight of 39 mg/m 2 and a weight ratio 
of the sucrose lauric ester to the polyvinyl pyrrolidone of 
62:38. The other side of the sheet was applied with an 
aqueous emulsion of dimethyl silicone oil (KM 787 man- 
ufactured by Shinetsu Silicone Inc.; diluted with water 
into 10-fold volume) in an amount of 30 mg/m 2 in terms 
of solid and then dried to obtain an anti-fogging sheet 
according to the present invention. 
[0046] The thus prepared anti-fogging sheet was 
then thermoformed into a lid having a length of 180 mm, 
a width of 150 mm and a height of 50 mm using an indi- 
rect heat-type vacuum forming machine. 
[0047] A container was separately prepared and 
was filled with 100 cc of water having a temperature of 
25° C. The container was then covered with the above 
lid such that the anti-fogging layer was located inside 
the container, and stored in a show box maintained at 5° 
C. No fog or condensed water drops were found to form 
in the initial stage of the storage. Such a state was found 
to maintain for at least 24 hours. 
[0048] The above lid was superposed on the same 
lid to evaluate a blocking tendency. No blocking was 
observed. The outer surface of the lid covered with the 
silicone layer was measured for the friction coefficient in 



accordance with ASTM D1894. The friction coefficient 
was 0.30. 

Comparative Example 1 

[0049] Example 1 was repeated in the same man- 
ner as described above except that carboxymethy! cel- 
lulose (CMC1105 manufactured by Daicel Chemical 
Inc.) was substituted for the polyvinyl pyrrolidone. Fogs 
were initially formed on a surface of the lid correspond- 
ing to fibrous carboxymethyl cellulose insolubles. After 
10 minutes from the commencement of the test, the 
fogged area spread from the initially fogged portions. 
The lid showed good anti-blocking property. The friction 
coefficient was 0.30. 

Example 2 

[0050] propylene/ethylene random copolymer was 
extruded to form a sheet (substrate) having a thickness 
of about 400 jim. One of the both sides of the sheet was 
subjected to a corona discharge treatment so that the 
treated surface had a wet index of 50 dyne. An aqueous 
solution containing 3.6 % by weight of an aqueous solu- 
tion of lauric acid ester of sucrose (LWA1570 manufac- 
tured by Mitsubishi Chemical company; solid content: 
40 % by weight; HLB: 15) and 0.50 % by weight of poly- 
vinyl alcohol (PVA203 manufactured by Kurare Inc.; 
saponification degree: about 88 mole %; polymerization 
degree: about 300) was applied to the treated surface of 
the sheet in an amount of 2.56 cc/m 2 . The resulting coat 
was smoothened and dried in an oven to form an anti- 
fogging layer on the sheet The anti-fogging layer had a 
basis weight of 50 mg/m 2 and a weight ratio of the 
sucrose lauric ester to the polyvinyl alcohol of 75:25. 
Before introduction into the oven, the other side of the 
sheet was applied with an aqueous emulsion of dime- 
thyl silicone oil (KM 78 7 manufactured by Shinetsu Sili- 
cone Inc.; diluted with water into 10-fold volume) in an 
amount of 30 mg/m 2 in terms of solid and then dried to 
obtain an anti-fogging sheet according to the present 
invention. 

[0051] The thus prepared anti-fogging sheet was 
then thermoformed into a lid having a length of 150 mm, 
a width of 1 10 mm and a height of 35 mm using an indi- 
rect heat-type vacuum forming machine. 
[0052] A fogging test was performed in the same 
manner as that in Example 1 to reveal that no fog or 
condensed water drops were formed in the initial stage 
of the storage. Such a state was found to maintain for at 
least 24 hours. No blocking was observed. The friction 
coefficient was 0.35. 

Comparative Example 2 

[0053] Example 2 was repeated in the same man- 
ner as described above except that the sucrose lauric 
ester was not used at all and an aqueous solution con- 
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taining 1 .95 % of PVA203 was applied to the sheet in an 
amount of 2.50 cc/m 2 . The anti-fogging layer had a 
basis weight of 49 mg/m 2 . Fogs were significantly 
formed on a surface of the lid corresponding to the por- 
tion highly stretched during the thermoforming. Slight 5 
fogging also occurred on a surface of the lid corre- 
sponding to the portions slightly stretched during the 
thermoforming. The lid showed good anti-blocking prop- 
erty. The friction coefficient was 0.22. 

10 

Example 3 

[0054] A 1 :1 (wt/wt) blend of polystyrene (melt 
index: 7.0) and a styrene-butadiene copolymer (melt 
index 50) was extruded to form a sheet (substrate) hav- is 
ing a thickness of about 400 urn. One of the both sides 
of the sheet was subjected to a corona discharge treat- 
ment so that the treated surface had a wet index of 50 
dyne. An aqueous solution containing 3.0 % by weight 
of an aqueous solution of lauric acid ester of sucrose 20 
(LWA1570 manufactured by Mitsubishi Chemical Com- 
pany; solid content: 40 % by weight; HLB: 15) and 0.75 
% by weight of polyvinyl alcohol (PVA203 manufactured 
by Kurare Inc., saponification degree: about 88 mole %; 
polymerization degree: about 300) was applied to the 25 
treated surface of the sheet in an amount of 2.56 cc/m 2 . 
The resulting coat was smoothened and dried in an 
oven to form an anti-fogging layer on the sheet. The 
anti-fogging layer had a basis weight of 50 mg/m 2 and a 
weight ratio of the sucrose lauric ester to the polyvinyl so 
alcohol of 62:38. Before introduction into the oven, the 
other side of the sheet was applied with an aqueous 
emulsion of dimethyl silicone oil (KM787 manufactured 
by Shinetsu Silicone Inc.; diluted with water into 10-fold 
volume) in an amount of 30 mg/m 2 in terms of solid and 35 
then dried to obtain an anti-fogging sheet according to 
the present invention. 

[0055] The thus prepared anti-fogging sheet was 
then thermoformed into a lid having a length of 150 mm. 
a width of 1 1 0 mm and a height of 35 mm using an indi- 40 
rect heat-type vacuum forming machine. 
[0056] A fogging test was performed in the same 
manner as that in Example 1 to reveal that no fog or 
condensed water drops were formed in the initial stage 
of the storage. Such a state was found to maintain for at as 
least 24 hours. No blocking was observed. The friction 
coefficient was 0.22. 

Comparative Example 3 

50 

[0057] Example 3 was repeated in the same man- 
ner as described above except that the amounts of the 
sucrose lauric ester and PVA203 were changed to 4.5 
% by weight and 0. 1 % by weight, respectively. The anti- 
fogging layer had a basis weight of 51 mg/m 2 and a 55 
weight ratio of the sucrose lauric ester to the polyvinyl 
alcohol of 95:5. 

[0058] A fogging test was performed in the same 



manner as that in Example 1 to reveal that a fogged pat- 
tern was formed. Because of its high moisture absorb- 
ing properties, the anti-fogging layer became sticky and 
was partly transferred to the other side of the sheet dur- 
ing winding of the sheet around a mandrel. Thus, when 
the sheet was unwound for fabrication of a lid. a pattern 
of the transferred portions was observed on the sheet. 
After the sheet had been molded into the lid. the pattern 
was no longer observed, i.e. the lid had good appear- 
ance. However, when the lid was subjected to the fog- 
ging test, the pattern was developed thereon because 
of fogging. 

[0059] The lid showed fair anti-blocking property but 
was slightly sticky. The friction coefficient was 0.37. 

Example 4 

[0060] Polylactic acid (PLA9000 manufactured by 
Shimadzu Corporation; Ml: about 7.0) was extruded to 
form a sheet (substrate) having a thickness of about 300 
urn. One of the both sides of the sheet was subjected to 
a corona discharge treatment so that the treated sur- 
face had a wet index of 50 dyne. An aqueous solution 
containing 3.0 % by weight of an aqueous solution of 
lauric acid ester of sucrose (LWA1570 manufactured by 
Mitsubishi Chemical Company; solid content: 40 % by 
weight; HLB: 15) and 0.75 % by weight of polyvinyl alco- 
hol (PEG6000S manufactured by Sanyo Kasei Industry 
Co., Ltd.; polymerization degree: about 190) was 
applied to the treated surface of the sheet in an amount 
of 2.60 cc/m 2 with a roll coater. The resulting coat was 
dried in an oven to form an anti-fogging layer on the 
sheet. The anti-fogging layer had a basis weight of 51 
mg/m 2 and a weight ratio of the sucrose lauric ester to 
the polyvinyl alcohol of 62:38. 
[0061] The thus prepared anti-fogging sheet was 
then thermoformed into a lid having a length of 150 mm, 
a width of 1 10 mm and a height of 35 mm using ah indi- 
rect heat-type vacuum forming machine. 
[0062] A fogging test was performed in the same 
manner as that in Example 1 to reveal that no fog or 
condensed water drops were formed in the initial stage 
of the storage. Such a state was found to maintain for at 
least 24 hours. No blocking was observed. The friction 
coefficient was 0.22. 

Example 5 

[0063] Propylene/ethylene random copolymer 
(EG7FT manufactured by Nippon Polychem Inc.; melt 
index Ml: 1.3) was co-extruded to form a two-layered 
sheet (substrate) having a first layer with a thickness of 
about 80 fim and a second layer with a thickness of 
about 320 jim. The resin in the extruder for the first layer 
had been kneaded with diethanol laurylamide (Staform 
DL manufactured by Nippon Yushi Inc.) so that the first 
layer had a diethanol laurylamide content of 0.3 % by 
weight. The first layer of the sheet was subjected to a 
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corona discharge treatment such that the treated sur- 
face should have had a wet index of 50 dyne if the 
amide was not incorporated. An aqueous solution con- 
taining 3 % by weight of an aqueous solution of lauric 
acid ester of sucrose (LWA1570 manufactured by Mit- 
subishi Chemical Company; solid content: 40 % by 
weight; HLB: 15) and 0.75 % by weight of polyvinyl alco- 
hol (PVPK301 manufactured by ISP Inc.; polymeriza- 
tion degree: about 430) was applied to the treated first 
layer of the sheet in an amount of 2.00 cc/m 2 . The 
resulting coat was smoothened and dried in an oven to 
form an anti-fogging layer on the sheet. The anti-fogging 
layer had a basis weight of 39 mg/m 2 and a weight ratio 
of the sucrose lauric ester to the polyvinyl alcohol of 
62:38. Before introduction into the oven, the other side 
(second layer) of the sheet was applied with an aqueous 
emulsion of dimethyl silicone oil (KM787 manufactured 
by Shinetsu Silicone Inc.; diluted with water into 10-fold 
volume) in an amount of 30 mg/m 2 in terms of solid and 
then dried to obtain an anti-fogging sheet according to 
the present invention. 

[0064] The thus prepared anti-fogging sheet was 
then thermoformed into a lid having a length of 180 mm, 
a width of 150 mm and a height of 50 mm using an indi- 
rect heat-type vacuum forming machine. 
[0065] A container was separately prepared and 
was filled with 100 cc of warm water having a tempera- 
ture of 70° C. The container was then covered with the 
above lid such that the anti-fogging layer was located 
inside the container, and stored in a show box main- 
tained at 5° C. No fog or condensed water drops were 
found to form in the initial stage of the storage. Such a 
state was found to maintain for at least 24 hours. 
[0066] The above lid was superposed on the same 
lid to evaluate a blocking tendency. No blocking was 
observed. The outer surface of the lid covered with the 
silicone layer was measured for the friction coefficient in 
accordance with ASTM D1894. The friction coefficient 
was 0.30. 

Example 6 

[0067] propylene/ethylene random copolymer 
(EG7FT manufactured by Nippon Polychem Inc.; melt 
index Ml: 1.3) was co-extruded to form a two-layered 
sheet (substrate) having a first layer with a thickness of 
about 80 jim and a second layer with a thickness of 
about 320 iim. The resin in the extruder for the first layer 
had been kneaded with diethanol laurylamide (Staform 
DL manufactured by Nippon Yushi Inc.) so that the first 
layer had a diethanol laurylamide content of 0.3 % by 
weight. The first layer of the sheet was subjected to a 
corona discharge treatment such that the treated sur- 
face should have had a wet index of 48 dyne if the 
amide was not incorporated. An aqueous solution con- 
taining 3.6 % by weight of an aqueous solution of lauric 
acid ester of sucrose (LWA1570 manufactured by Mit- 
subishi Chemical Company; solid content: 40 % by 



weight; HLB: 1 5) and 0.50 % by weight of polyvinyl alco- 
hol (Poval PVA203 manufactured by Kurare Inc.; sapon- 
ification degree: about 88 mol %; polymerization 
degree: about 300) was applied to the treated first layer 

5 of the sheet in an amount of 2.56 cc/m 2 . The resulting 
coat was smoothened and dried in an oven to form an 
anti-fogging layer on the sheet. The anti-fogging layer 
had a basis weight of 50 mg/m 2 and a weight ratio of the 
sucrose lauric ester to the polyvinyl alcohol of 75:25. 

w Before introduction into the oven, the other side (second 
layer) of the sheet was applied with an aqueous emul- 
sion of dimethyl silicone oil (KM787 manufactured by 
Shinetsu Silicone Inc.; diluted with water into 10-fold 
volume) in an amount of 30 mg/m 2 in terms of solid and 

rs then dried to obtain an anti-fogging sheet according to 
the present invention. 

[0068] The thus prepared anti-fogging sheet was 
then thermoformed into a lid and subjected to a fogging 
test in the same manner as that in Example 5. 

20 [0069] No fog or condensed water drops were 
found to form in the initial stage of the storage. Such a 
state was found to maintain for at least 24 hours. 
[0070] The above lid was superposed on the same 
lid to evaluate a blocking tendency. No blocking was 

25 observed. The outer surface of the lid covered with the 
silicone layer was measured for the friction coefficient in 
accordance with ASTM D1894. TTie friction coefficient 
was 0.35. 



[0071] Example 6 was repeated in the same man- 
ner as described above except that an aqueous solution 
containing 1 .5 % by weight of the aqueous solution of 

35 lauric acid ester of sucrose (LWA1570) and 1.4 % by 
weight of polyvinyl alcohol (PVA203) was applied in an 
amount of 2.50 cc/m 2 and that the anti-fogging layer had 
a basis weight of 49 mg/m 2 and a weight ratio of the 
sucrose lauric ester to the polyvinyl alcohol of 29:71. 

40 Fogs were significantly formed on a surface of the lid 
corresponding to the portion highly stretched during the 
thermoforming. Slight fogging also occurred on a sur- 
face of the lid corresponding to the portions slightly 
stretched during the thermoforming. The lid showed 

45 good anti-blocking property. The friction coefficient was 
0.22. 

Comparative Example 5 

so [0072] Example 6 was repeated in the same man- 
ner as described above except that no polyvinyl alcohol 
was used and the amount of the sucrose lauric ester 
was changed to 4.9 % by weight. 
[0073] A fogging test was performed in the same 
55 manner as that in Example 1 to reveal that a fogged pat- 
tern similar to that in Comparative Example 3 was 
formed. The lid showed fair anti-blocking property but 
was slightly sticky. The friction coefficient was 0.37. 



30 Comparative Example 4 
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Comparative Example 6 

[0074] Example 6 was repeated in the same man- 
ner as described above except that an aqueous solution 
containing 2.0 % by weight of the aqueous solution of 
lauric acid ester of sucrose (LWA1570) and 1.2 % by 
weight of polyvinyl alcohol (PVA203) was applied in an 
amount of 2.60 cc/m 2 and that the anti-fogging layer had 
a basis weight of 52 mg/m 2 and a weight ratio of the 
sucrose lauric ester to the polyvinyl alcohol of 40:60. 
Fogs were formed on a surface of the lid corresponding 
to the portion highly stretched during the thermoform- 
ing, though good anti-fogging property was seen on a 
surface of the lid corresponding to the portions slightly 
stretched. The anti-fogging layer is considered to be so 
hard that it failed to follow the stretching of the substrate 
during the thermoforming. The lid showed good anti- 
blocking property. The friction coefficient was 0.20. 

Comparative Example 7 

[0075] Example 6 was repeated in the same man- 
ner as described above except that an aqueous solution 
containing 1 .5 % by weight of the aqueous solution of 
lauric acid ester of sucrose (LWA1 570), 1 .2 % by weight 
of polyvinyl alcohol (PVA203) and 0.2 % by weight of D- 
sorbrtol was applied in an amount of 2.60 cc/m 2 and the 
anti-fogging layer had a basis weight of 50 mg/m 2 and a 
weight ratio of sucrose lauric ester:polyvinyl alco- 
hol :sorbitol of 30:60:10. The lid surface had a lot of por- 
tions in which no anti-fogging layer was present This 
non-uniformity of the anti-fogging layer is considered to 
be attributed to decreased wettability or compatibility of 
the surface of the substrate to the coating solution. The 
lid was sticky and had blocking tendency. The friction 
coefficient was 0.61. The stickiness is considered to be 
ascribed to high moisture absorbing property of the 
sorbitol. 

[0076] The anti-fogging layer of the present inven- 
tion should not contain a polyhydric alcohol such as 
sorbitol. 

Example 7 

[0077] Example 6 was repeated in the same man- 
ner as described except that linear low density polyeth- 
ylene (UF230 manufactured by Nippon Polychem Inc.; 
Ml: 1.1) was substituted for the propylene/ethylene ran- 
dom copolymer. No fog or condensed water drops were 
found to form in the initial stage of the storage. Such a 
state was found to maintain for at least 24 hours. No 
blocking was observed in the lid. The friction coefficient 
was 0.35. 

Example 8 

[0078] Example 6 was repeated in the same man- 
ner as described except that propylene homopolymer 



(FY4 manufactured by Nippon Polychem Inc.; Ml: 5.0) 
was substituted for the propylene/ethylene random 
copolymer and that the extruded sheet was rapidly 
cooled with cooling rollers to prevent whitening of the 
5 sheet due to a-crystals. No fog or condensed water 
drops were found to form in the initial stage of the stor- 
age. Such a state was found to maintain for at least 24 
hours. No blocking was observed in the lid. The friction 
coefficient was 0.28. 

10 

Claims 

1. An anti-fogging sheet comprising a transparent 
substrate, and an antifogging layer provided on one 

is side of said transparent substrate, characterized in 
that said antifogging layer contains a lauric acid 
ester of sucrose having an HLB value of 14-16 and 
a water-soluble polymer, wherein the weight ratio of 
said lauric acid ester of sucrose to said water-solu- 
20 ble polymer is 50:50 to 80:20. 

2. An anti-fogging sheet as claimed in claim 1 , further 
comprising a silicone layer provided on the other 
side of said transparent substrate. 

25 

3. An anti-fogging sheet as claimed in claim 1 or 2, 
wherein said water-soluble polymer is at least one 
member selected from the group consisting of poly- 
vinyl pyrrolidone, polyvinyl alcohol and polyethylene 

30 glycol. 

4. An anti-fogging sheet as claimed in any preceding 
claim, wherein said transparent substrate is made 
of a polymer selected from the group consisting of 

35 polyethylene resins, polypropylene resins, polysty- 
rene resins, amorphous polyethylene terephthalate, 
polylactic acid and mixtures thereof. 

5. An anti-fogging sheet as claimed in claim 1, 
40 wherein said transparent substrate comprises a 

first polyolefin resin layer, and a second polyolefin 
resin layer laminated thereon and containing an 
anti-fogging agent and/or an antistatic agent, said 
second layer having a thickness smaller than that of 
45 said first layer, and said second layer having a sur- 
face which has been subjected to a corona dis- 
charge treatment and on which said antifogging 
layer is directly provided. 

so 6. An anti-fogging sheet as claimed in claim 5, further 
comprising a silicone layer provided on the other 
side of said transparent substrate. 

7. An anti-fogging sheet as claimed in claim 5 or 6, 
55 wherein said water-soluble polymer is at least one 
member selected from the group consisting of poly- 
vinyl pyrrolidone and polyvinyl alcohol. 
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8. An anti-fogging sheet as claimed in any one of 
claims 5 through 7, wherein said antifogging agent 
and/or an antistatic agent are at least one member 
selected from the group consisting of a tertiary 
amide of a higher fatty acid, a higher fatty acid ester 5 
of sorbitan, a higher fatty acid ester of glycerol and 

a higher fatty acid ester of polyglycerol. 

9. An anti-fogging sheet as claimed in any one of 
claims 5 through 8, wherein said polyolef in resin of 10 
each of said first and second polyolef in resin layers 

is a polypropylene resin. 

10. A container for a food, comprising a portion made of 

an anti-fogging sheet according to any preceding is 
claim, said antifogging layer providing an inside sur- 
face of said container. 

11. A container as claimed in claim 10, wherein said 
portion is a lid and/or a container body of said con- 20 
tainer. 
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